Abstract. Tailing sand from ex-tin mine in Batu Gajah containing between 95.9 to 98.9% silica. In this research involved the process of, conducting the mechanical sieve grading to identify the size spread, plotting the grain size distribution and calculating the average grain size. Further on with the effects of controlled additions of clay (bentonite) and water and determining the working range on the mechanical properties. The investigation involved comparing the mechanical properties of the tailing sand to the requirement for foundry sand applications listed by Foseco Ferrous Foundryman's Handbook (Foseco). Permeability and green compression strength are the important mechanical properties and considered much in the sand casting mould preparation. These mechanical properties play a vital role in determining the allowable clay and moisture content for working range of tailing sand for making green sand casting mould. Experiments for this investigation were conducted according to American Foundrymen Society (AFS) standard of procedures. Cylindrical test pieces dimensioning of Ø50 mm×50 mm in height from various sandwater ratios bonded with 3.8%wt clay and then 7.4%wt clay, were compacted by applying three ramming blows of 6666 g each using Ridsdale-Dietert metric standard rammer. The specimens were tested for green compression strength using Ridsdale-Dietert universal sand strength machine and permeability number with Ridsdale-Dietert permeability meter. Before the tests were conducted, the moisture content was measured using moisture analyser. Tailing sand with allowable moisture content ranging from 3 to 3.5% (bonded with 3.8%wt clay) and 5.5 to 6% (bonded with 7.4%wt clay) were found to have optimum working range with effective green compression strength and permeability.
Introduction
The word tailing is created from the 'tail' material, which is sand that leaves behind after tin extraction. And then the tailing sands were dumped to the side of the alluvial mining operations. Valley in the states of Perak, Selangor and Negeri Sembilan on the western side of Malaysia Peninsular has been extensively mined for alluvial tin deposits over 100 years [1] . Kinta Valley, which Batu Gajah (4.447543N, 101.061044E) is located in Perak is the largest area of tin mining in Malaysia. The total amount of tailing sand in Perak is 138.38 million tonnes from 304.96 million tonnes of total tailing sand in Malaysia [2] . Study on the mechanical properties of tailing sand are vital to identify the grain size distribution, average grain size, the working range and allowable moisture content for making green sand casting mould.
Identification of grain size distribution and average grain size of tailing sand is important to determine the potential of tailing sand for use as moulding aggregates for making greensand casting mould before other foundry sand testing can be performed. The test is conducted by mechanical sieve grading where graph for grain size distribution and cumulative curve can be plotted and the average grain size can be calculated. Since the adoption of the ISO metric sieves thus the old AFS grain fineness number can no longer be calculated and the average grain size, expresses as micrometers (µm) is now used. Grain size distribution of foundry sands in general fall into the range 150-400 µm and the most commonly used is 220-250 µm where the size spread is 95% of the sand retained on four or five screens, or more than 10% on each sieve [3] . The percentage sand retained on 425µm shall be 9-14%, on 300 µm is 20-30%, on 212 µm is 30-40% and 150 is 15-25% [4] . Majority of castings produced in the UK are fall in fineness number range AFS 45-100 or 0.3-0.15 mm (300-150 µm), where for ferrous casting within AFS 55-65 (300-210 µm) and AFS 55-90 (270-170 µm) for non-ferrous work [5] .
Greensand is composed of naturally occurring materials which are blended together; high quality silica sand (85-95%), bentonite clay (4-10%) as a binder, a carbonaceous additive (2-10%) to improve the casting surface finish, and water (2-5%) [6] . The green compression strength of foundry sand is the maximum compressive strength a mixture is capable of developing when moist [7] and for routine purposes, green strength is always measured in compression [8] . The green compression strength of foundry sand is the maximum compression strength where AFS standard cylindrical specimen (size Ø50 mm×50 mm in height) mixture of sand, water and clay is capable of sustaining when prepared and rammed by applying three ramming blows of 6666 g each using a metric standard rammer. This standard size of test piece was designed by the American Committee (1921) (1922) (1923) (1924) [8] . The specimen then is tested using a universal sand strength-testing machine. The standard practical value of green compression strength is 20-80 kN/m 2 [9] for instance; the green compression strength of Niger River sand with addition of 3% bentonite clay is 28 kN/m 2 [10] .
The permeability is the physical property of the moulded mass of a sand mixture, which allows gas to pass through it. It is determined by measuring the rate of flow of air (2000 cm 3 ) under standard pressure (10 g/cm 2 ) through the standard cylindrical sand test piece (Ø50 mm × 50 mm in height) [11] . The permeability number for cast iron is 10-80, bronze is 35, aluminium is 20-40 and steel is 150-300 [7] while greensand for iron foundries typically has permeability number of 80-110 if prepared with jolt/squeeze machine and 80-100 with high pressure (DISA) [3] . Permeability number for mixture of synthetic sand and 8% of Ogharaki clay from Delta state, Nigeria is 55.5 [12] . The permeability number for moulding sand from Mansfield Sand Company mixed with 6% water is 21 [13] . Sand no 95 from King's Lynn, Norfork mixed with 5% Montmorillonite clay and 3.5% moisture has green permeability of 61, Redhill No. 65 sand is 120 and Chelford 50 is 220. General-purpose synthetic greensand for iron castings will contain some 5% clay, 6% coal dust and a moisture content of around 3.5% [5] .
Clay and water act as control addition to influence mechanical properties of moulding sand. Clay and water have a significant role in improving the mechanical properties of greensand mould. Clay acquires its bonding action only in the presence of the requisite amount of moisture. The bonding quality of clay depends on the maximum thickness of water film it can maintain [4] . Water activates the clay so that it develops the necessary plasticity and strength [6] . The amount of water used should be properly controlled. This is because a part of the water absorbed by the clay helps in bonding while the remainder up to a limit helps in improving the plasticity but more than that would decrease the strength.
The increasing of water content to sand will increase the thickness of the water films, so that the clay becomes less stiff and the sand grains are held further apart. If the water is further increased then the water films become so thick and the clay so soft that it is unable to hold the grains apart and the sand grains become closer together and decrease in permeability [15] .
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Material and Method
The location of sample, Batu Gajah (4.447543N, 101.061044E) was identified from the report written by Hashim and Sulaiman [16] and traced aided by Google Maps Malaysia. Observation at the site shows that on the earth surface there were coarse grains and other impurities such as gravels, grasses and bushes. Due to this reason, tailing sand was excavated with depth of approximately 5 cm below the surface to eliminate these impurities. Sieve size of 1000 µm has been used to eliminate coarse grains and other impurities. 50 kg of raw tailing sand was collected. The sample was dried in an oven at 105 o C according to standard of procedures from AFS where the drying temperature to remove the moisture is at 105-110 0 C. This temperature was selected due to the sample previously has been dried under the heat of sun. Dried sample was sieved using sieve shaker machine with sieve size 425 µm. Sand retained on sieve size of 425 µm were eliminated and sand which passed 425 µm and remained on sieve size of 355 µm and below were taken as specimen sand.
In this research, specimen sand was graded using Matest Auto Sieve Shaker. The aperture sizes of 710 µm, 500 µm, 355 µm, 250 µm, 212µm, 150 µm, 90 µm, 63 µm and pan were used according to Foseco Ferrous Foundryman's Handbook requirement. Percentage of the sand retained on each sieve from mechanical sieve grading was used to identify the grain size distribution and average grain size, then analysed and compared to Foseco's requirement.
Mixture for investigation the effects of moisture on mechanical properties and the working range was prepared by mixing 1000 grams of dry tailing sand sample bonded with 40 grams of bentonite clay (3.8%wt), and subjected to milling for 5 minutes. Then, water was added to the mixture started with 20 ml addition (approximately 2% moisture). Below than 20 ml the test piece was unable to produce. The mixture was milled appropriately for 3 minutes and then the sample was tested for the moisture content using a moisture analyser. Moisture content was determined using AND MX50 Moisture Analyser, an instantaneous measurement of moisture content where can be measured in 1-3 minutes depending on moisture content of the mixture. Approximately 10 grams of sand mixture was weighted out and put on the plate inside the tester. Then, the mixture was heated up to 200 o C (this temperature is for fast result according to manual) and reading was obtained.
A test piece of Ø50 mm × 50 mm in height as shown in Fig. 1 was produced using RidsdaleDietert Metric Standard Rammer. A test piece was prepared by weighing out specimens ranging from 138 grams to 150 grams depending on the sand/clay/water ratio [17] .
Fig. 1: Specimen test piece and strip block
The specimen test piece was stripped using strip block and removed from the strip block carefully and tested using Ridsdale-Dietert Universal Sand Strength Machine as shows in Fig. 2(a) . A test piece for permeability was prepared with same method but the test piece was not stripped out and tested using Ridsdale-Dietert permeability meter as shows in Fig. 2(b) . After the readings were obtained, addition of 20 ml water was added and green compression strength and permeability were tested again until the readings start to decrease where the condition of mixture becomes so wet and unmouldable. The procedures were repeated for sample bonded with 80 grams of bentonite clay. 
Result
The results of this research are presented graphically in Fig. 3-6 .
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Discussion
Results obtained shows that the mechanical properties of tailing sand from Batu Gajah match the requirement of Foseco Ferrous Foundryman's Handbook. It owns good grain size distribution where the majority of the sand retained on the four selected adjacent sieve sizes (355 µm, 250 µm, 212 µm and 150 µm), which is 66.4%. More than 10% retained on three of four selected sieve sizes are as shown in Table I . Fig. 3 shows that the grain size distribution has a similarity with Foseco. The average grain size is 198 µm as calculated in Table I and found finer than Foseco's 219 µm but is still within the range of the mould sand produced in the UK (150 µm -300 µm). Fig. 4 shows the effect of water and clay on green compression strength of the sample. The green compression strength of sample increased with the increment percentage of water until 4.86% moisture (bonded with 3.8%wt clay) and 6.11% moisture (bonded with 7.4%wt clay) before they started to decrease. This range indicates, at this percentage of moisture, clay has absorbed the water up to a limiting amount to produce effective strength. After the moisture reaches this point, the strength started to decrease. This is due to the mixture becoming so wet and thickening the water film causing the clay becomes so soft and un-enabling to hold the grains together hence decreasing the strength. Fig. 4 also shows that sample bonded by 7.4%wt clay, has superiority in strength where its curve is above the curve of sample bonded by 3.8%wt clay. This is because of extra bonding power available in the sample. The figure also indicated that to achieve maximum strength, sample bonded by 7.4%wt clay needs more water. This is because excess clay has made the sample drier and hence needs more water to be absorbed. Fig. 5 displays the effect of clay on permeability number of sample. The permeability was increased by increasing the percentage of moisture. The maximum permeability was achieved at 5.87% moisture (sample bonded by 7.4%wt clay) and at 4.1% moisture (sample bonded by 3.8%wt clay), then the permeability started to decrease regarding the increment of moisture. The increment of water content will increase the thickness of the water films, making the clay becomes less stiff and the sand grains held further apart thus increased the permeability. If the water is further increased, the water films become so thick and the clay so soft that it is unable to hold the grains apart and the sand grains become closer together and decrease in permeability. Fig. 5 also shows that permeability for sample bonded by 3.8%wt clay is superior than sample bonded by 7.4%wt clay. This is because it has less fine particles (clay) thus gas is easier to pass through the grains. Fig. 6 shows the working range of the sample bonded by 3.8%wt and 7.4%wt clay with its allowable moisture content. The working range for Batu Gajah for optimum mechanical properties is discovered at allowable moisture content of 3-3.5% (sample bonded with 3.8%wt clay) and 5.5-6% clay (sample bonded by 7.4%wt clay). This result is acceptable because water required for mixture bonded with 4-10% clay is approximately 2-5% in normal practice.
Conclusion
This research indicated that the tailing sand from Batu Gajah has the vital characteristics of foundry sand. Overall finding indicated that the Batu Gajah is suitable as an option aggregate for making greensand casting mould. The mechanical properties of Batu Gajah are demonstrated match with the requirement of American Foundrymen's Society Foundry Sand Handbook, Foseco Ferrous Foundryman's Handbook and normal practice in making greensand casting mould. It is suggested that further research to be conducted on mechanical properties of the tailing sand from Batu Gajah for making chemical bonded sand mould such as shell mould.
